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The Independent Study Soience Frogram at Marple New;own
Senlor High School i& currently in its four*h year of operétion.
Although the original plans for individualizedl self-paced
prdgrama in blology, chemistry and physics as reported earlier
(1) have all been modified consideradbly during the past three
years, only expefienoe with the independent study chemistry
program will be related at this time. The rationale, the initial
program, the problems encountered and changes instituted ceaoh
year, and the program as it is presently structured and oporating
will be disoussed. In addition, an analysis of data colleoted
on the performance of students i1 both the independent stvdy amd
the conventionally taught chemistry programs will be press3nted
and oconaidered,
Bvolution of the Program: The Pirst Year
The independent study p}ogram 18 based on a belief erd a
hopet L‘he belief that existing schcol organizational structures
and teaching patterns inhibit the full exercise of students!
potential for learning, and the hope that a modiflocation can be
devised that makes students' experlence in learning how to learn

whatever they need to learn the activity of prime importance.
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The ultimate goal of formal education is independence in learning
on the part of the learner, As Pleget (2) has saldt "The goal
of education is not to increase the amount of knowledge but to
oreate possibilities for a ochild to invent and discover, to
create men who are capable of doing new things." Specifically,
the independent study chemistry program is designed to provide
students with the opportunity to learn on their own and in thelr
oWn way whatever they would be expected to learn in the college
preparatory chemistry course if they were enrolled in a olass
taught in the oonventional manner.

Student selection prooedures were designed purposely to
give the program every advantage of succeeding, Teachers were
asked to make oonfidential norinations of students who were
relatively mature and self-disciplined. The student nominees
were ranked on the basiz of their Sequential Test o Educational
Progress (STEP) soorcs in mathematios, soience and reading,

The program was desoribed in turn to the highest-ranked
nominees and their parents until fifteen students were enrolled.
They were told that the independent study students would bde
expsoted to direct their own learning with assistance from me as
their teacher only when requested and that, henceforth, 1 wouid
be known as their mentor to emphasize our rew relationship, Eaoh
student with guidance from the meator would be expeoted to
develop a custom~tallored program which inoluded as a minimum the
major topios of the regular coliege preparatory chemistry oourse.
They would be assigned to a laboratory and classroom for saven
class periods each week Jjust as the regular chem'stry students

are assigned, However, no teaching in the conventional sense




-3a
would take place, The mentor would advise and assist at his
'dlsoretion and as requested by the student. It was fully
expeocted that the independent study students would achieve an
understanding of a larger number of toplos and laboratory
invegtigations, and in greater depth, than would be possible 1if
they were bound to the pace of a oconventionally taught class.

In addition, each student would be free to exploit his own
particular talents and interests in an area beyond the basio
requirements of the anourse. Two of every three nominees invited
found the opportunity interesting enough to accapt.

¥hen the independent study program went into operation, it
soon becameé obvious that the desoription of the college
preparatory ohemistry oourse in terws of chemioal toplos to be
understood was not very helpful -~ the expected breadth and depth
of each toplo ocould not be easily delineated for the students,
This prohlem was solved by desoribing the expeotations in terms
of behavioral objectives in the Mager style (3). Subsequently,
students recelved, as they were written, statements of what they
should be able to do at the completion of their study of the
topics in eaoh shapter and the related laboratory work of the
basio text and laboratory gulde (4). The prodblems encountered
in writing oclear, unambiguous and signifiocant behavioral
objectives in ohemistry, with partioular reference to the

laboratory, has been desoribed by the writer elsewhere (1, 5).
A major stumdling dlook to the implementation of this independent

study program was eliminated when students ¥%ere given behavioral

objeotives to guide them. Essentially, students knew the miniamun

competensies they were to acquire, all they had to do was plan
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_and do whatever wag necessary to achleve them, Students in the
conventionally taught chemlstry classes were expected to achleve
the same objectives,

The independent study students during the first year were
required to take the same chapter, semester and final examinations
as the other college preparatory chemistry students and on the
same dateo, At this time, however, none of the items on any of
the examinations had a one-to-one correspondence with a speoifiec
behavioral objective, The examination items and the behavioral
objeotives in each case were related to the same body of chemistry
but not related precisely to each other. The results on these
examinationa the first year indlocated that the independent study
students were learning more on thelr own than elther the
conventionally taught socelerated or regular students. The mean
percentage of questions answered ocorreotly on the chemistry final
examination was 68 for the independent study students, 59 for the
accelerated students and 40 for regular students in conventionally
taught olasses (Table 1). A detalled comparison of the achleve-
nent of independent study and accelerated oonventionally taught
ohemistry students is made later in this paper.

As s result of the first year's experience, several new
ideag and direotions were evolved, In general, the independent
atudy students ocould and did learn on their ownj they djd ri~t need
formal presentations by a teacher; they could read their te~t and
oonduct the labdboratory investigationsi and they consulted the
mentor more or less only when they had a problem - one they were
expeoted to desoribe olearly, (Since a complete desoription of
the mentor's role and experience with independent study students
has been previously reported (1), only bdbrief references to this




important aspeot of the program will be made in this paper,)

Most of the independent study students enjoyed the freedom to
plan and direct their own activities for learning. As a group,
they were able to pace themselves with the students in the
conventionally taught classes. On the other hand, although urged
to do B0, very few independent study students did more than was
necessary to aeet the basic requirements of the course; the
dirfarenoe betwWween the rates of the fastest and slowest moving
étudent was very small indeed., Since students had to take the
examinations when scheduled, they worked in spurts, always more
intensely as the day of the examination approached and less so
after the examinstion had been taken. Very few attempted to
achieve any objeotives related to chapters beyond that of the
next chapter to be examined, A majority of the students admitted
that tney did not learn what. they were capable of learning in the
time avallakhle, Something had to be done to make the program

. individualized and self-paced.

The Seeond Year

Sixteen students were enrolled in tha independent study
chemletry program in the second year., The selection procedures
followed the first year were used tha seocond year, Approximately
054 of the nominees who were invited accepted,

The mentor oompleted the task of writing a first draft of
behavioral objeotives for chemistry Auring the sesond year, Most
of the objeotives were revised several times in response to
guggestions from students and teachers, Also, an inltial attewmpt
wag made to arrange the objectives within chapters into a
hierarohy reflecting the dependent and interdependent relationships.
Students found the hlerarchy useful as a gulde to follow In

O planning their study sequences,
FRIC




1 -6~

Table 1. Means* of regulsr, accelerated nnd inlzpendent study
chemistry classes#** for 1966-67, 196?-65 and 1968-69
on semester examinations (SE), final examinations
(FE)#**#* gnd Differential Aptitude Tests (DAT) of
Abstract Reasoning (AR) and Numerical) Ability (NA).

_ 1966-67 1967-68 1968.6%
Number Number Number

Track of DAT of DAT of DAT
Students SE FE AR NA| Students SE FE AR NA| Students SE FE

Reg. 235 57 40 == ==| 253 59 4O - 269 48 36 -- --

hooeld 1 79 59 89 93 33 95 & 62 93 26 63 48 90 9
I. S. lg 78 68 88 92 15 76 68 91 gS 19 ?% 63 9i 92

# All soores reported as the percentage of questions answered
correctly,

*# Accelerated students begin in the 9th grade the three.year
college preparatory sclience sequence which regular students
begin in the 10th grade. The independent study chemistry
6lusses ere composed of both accelerated and regular
college preparatory students,

##% The same final examination was administered each year.

Again, the independient study student took the same
examinations and at the same time as the eonventionally taught
ehemistry student, but this year the examinations were somposed
of eriterion test items which hal a one«to<one sorrespondenee
with specific behavioral objectives, Furthermore, both the
independent study and the conventionally taught students knew in
advanece whioh objestives would be assessed. In other words,
students knew exaotly which behaviore they would be aaked to
denonstrate. They did not know the spesifie eriterion test item
that would be used to determine whether or not they possessed the
desired behavior, but they did know exactly whish behaviors
would be exanined. All they had to do was to be sure they had
aequired the behuviors speecified.
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As in the flirst year, the pace of most students was
determined by the examination schedule; only a few students
worked with behavioral objectives not scheduled to bve examined.
A majority of the students admitted that they were able to learn
at a pace much greater than that set by the examination schedule
of the regular classes in chemistry. This comment from one
student wag typleal: "I just can't study a new toplic until I've
taken the examination on the last one, I'm afraid I'll forgetl
what I learned earller."

The solution to this problem was obvious., Since the rate at
which students learn is a funotion of the examination schedule,
it follows that the single examination for all students must be
replaced by individual examinations for each student whenever he
18 ready. Only then could the student be "liberated" from the
psychological block of not being able to concentrate on new
material before he had been tested on the old,

Although the direction which should be taken was olear, the
tasks of writing and revising the behavioral objeotives,
preparing a first draft of a hierarohy ani writing just one
eriterion test items for eanh objective were so demanding in
time, energy and thought that it was impossible to institute the
change during the second year.

In spite of the fact that a majority of the independent

' study students, by their own admission, did not take advantage of

Q

the opportunity to pace themselves in line with their potential
to do so, they did learn to do on their own what the behavioral
objectives examined indicated they should be abdble to do in a

relatively creditable manner. The mean percentage of questions

answered correctly on the final examlnation was 68 for the
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independent study students, 57 for accelerated students and 40
for regular students in conventionally taught classes (Table 1),
The mentor's dissatisfaction with the independent study program
at this stage centered largely on its inabllity to provide
effective mechanisms to ensure maximum individualization and
self.-pacing for eacn student in terms of his potential,
The Third Year

. The selection procedure used the first two years was
followed to enroll nineteen students in the third year. All of
the nominees who were invited accepted, The number enrolled was
increased to test the upper limit in numbers which would still
permit an effective communication betwaen the students and the
mentor.

An important change in the operation of the independent
study chemistry program was made in the third year. Instead of
examining independent study students as & group with the regular
chenmistry classes, each independenv study student would be
examined »n each objective individually and only when the student
himself said he was able to do what the objective sald he should
be able to do, If a student successfully demonstrated that he
had acqQuired all of the behaviors described by the odbleotives of
the course before June, he would be gi+'n his grade and oredit
for the course and b free to spend the rest of the time as he
wisiied) however, no one would be permitted to progress at a pace
lets than that of the regular chenistry classes, but the
mechanisn for ensuring this ninimun pace was not stated in the
hope that it would not be necessary to take any action in this
regard,
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To institute this change in the pregran, 2 large nunbor of
critorion tost iters would noed to be written for each objeetive
80 that studants cxarined on thse snre objective on different days
could be zivon different criterion test itoms., Six tce ten
criterien test iters for cach objective exanined werce written
during the third ycar, but rore will nced to bo writiten ns the
nunber of independont study studoents enronlled is incrensed,

Sn 18 nrt to delay their progress, I prerised to rend
propnsals for labnratory investignticns, loboratory reports,
ndninister criterion test itors as requaested ~»nd rark their
papers as raceived. This was a ristnke. I wns not free,
whenover I ret ny students during class tire, to ccnsult and
work with ther individually, gauze the status and nceeds of eaeh
student or tn evaluate the proararn, Consequently, I decided
that no reports or pnpers would be narked during class tirog
dut students were pronisced that thay could count ol receliving
their rarked parers and reports the day ~fter they were subnitted,
It snrn becn—e apparent that the prernige to give students the
eritericn test iter for oeaeh abjeotive ns requested hnd tn be
arended alsn, Tha rentorts tire with students was hepalessly ~nd
neadlessly fragrented and reduced in the prrcess of distriduting
and receiving the eriteri~n test ite:'s and respense papers, This
probler wag solved by setting aside rcnoe day each week in whieh
students cnuld take the ¢riterion test ite—s they requested, nd
an additiecnnl day ench week for students who had falled to do
what they sald they were able tn dn nn a previ~us atterpt,

Did independent study studonts tak%e advantage of this

coportunity tn prazress at thelr avn rate? By thelr own
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adrission, only a few students were progressing as rapidly ns they
should~-rost of ther were dragging theilr heels, although quite
unintentionally. Several independent study students had to be
placed on the same testing schedule as that of the regular
classes because they could not discipline therselves to do what
they had to do. It should be noted that the pace of the regular
chenistry classes this year had been decreased intentionally over
that of previous years to deternine whether or not spendlng nrore
tirme teaching each of the toplcs would increase the percentage
of students achieving each of the objectives of the course, The
independent study chenistry students, although the opportunity
for individual progress rates was available, tended to adjust
their individua) progress rates downward in spite of the
adrioni shnents osnd concern of the rentcr. Acocordingly, as
reported in Table 1, the mean senres on the final exarinatien
were also down from pravious years: 63 for the independent
study students, 48 for the accelerated students and 36 for the
regular students,

These lndependent study students were unable, like their
preducessors, to discipline thenselves to do a Job by a self-set
schedule, One rust face the faet that students belng studants
{or people being people?) the assunption cannot be nade that they
will discipline thenselves to dc what needs to be done in the
absence of elither deadlines or of a policy that linits credit to
those who do what needs to be done,

The student had been told that if he finished the prescribed
course in less than one year he was free to do nther thingsy he

hod not been told that he would have to cnnfinue until he

finished the course before he would recelve credit, regardless nf
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the tire spent., One would assurne, but cannot be sure, that thils
requirerent would incrcase the self-discipline 2nd drive ~f an
individual, Since 1t is inpnssible in our sschonl systerm to
inpnse such a requirerent at this tire, it was necessary to
devise and inplerent ancther procedure to ensure a nore conplete
expenditure of each student!s time and capabilities,

The Progran Today

The selcction procedure used the preceding three yecars was
nodified slightly to enroll independent study students for the
fourth year, The noninations were snlicited from teachers as
before, but now the students to be irwvited were selected fron
the noninees at randon, Thirty~-elght students were enrolled.
Approxinately 91% of the norinees who were invited accepted,

Twn classes were organized, and annther nentor was added to the
progran, The nurber enrnlled was increasced to rmeet the growing
interest of students and to deterrine the nature of the problens
that would be encountered in expanding the prograr with
particular regard to facilities, equiprent and staff,

By the end of the third year a corplete set of 168 behavinral
objectives for high schonl cheristry had been written and
published (5). <Ixperience in the preceding three years indiecated
that only a very few students could be reascnably expected to
achieve all of these objectives within a schenl year., The
practice of trying to achlecve all nf the objectives in order,
following the hierarchy, neant that sore topics introduced early
were studied too intensively while rmany onther topics such as
electrochenistry, equllibrium, acld-base chemistry and kineties

were conslidered by only a few students nr not at all, To correct
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this inbalance and reduce the expectations for students to a
reasonable level, the writer and two other cheristry teachers (6)
nade independent selections first and then together selccted 86
behavionral objectives which we believed to be basic and of first
order inportaince in achieving a bronadly based understanding of
chenistry. The chenistry course is now defined by this set of 86
basic behavioral objectives, The other 82 behavioral oﬁjectives
are optional; students who wish to learn more sre encouraged to
achieve as rnany of ther as they can,

The culnlnatian of three years of wnrk in writing and
ordering behavioral objectives is sumrarized in the hilerarchy
chart of Figure 1. Each beginning independent study student now
receives a conplete set of 168 behavioral objectives, sone of
which were narked basic and the rest optional, and a copy of the
hierarchy chart to guide hin, Each objective is identified by
both a Roman and an Arablc nunber; the Roman nuneral refers to
the chapter in the basic text to which the objective is related;
the Arablc number 1ldentifles the objective in relation to the
others within the sare chapter., If a letter L precedes the Roman
nuneral, the objective 1s cne which can only be deronstrated in
the laboratnry. The onbjectives whose nunbers are enclosed in
rectangles are basic ~nd should be achieved in turn by all
students, The arrows are included to gulde the student in
planning his study. For exanple, the student nay begin with
objective 14, I-2 or I-12, but he should not attempt objective
LII-11 until he has completed each of the three prercequisite
sequences which lead to it: I-2, LI-3; I-4, I-7, LI-9; and I-12,
LII-7. 1In each nf these sequances one or nore alternate pathways

which 1nclude opticnal objectives are provided for students who
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wish to follow then. Sone pathways terninate in enpty ellipses
to indicate to the student who wishes to do mere that he is not
restricted to the achieverment of the designated basic or optional
objJectives, but is encouraged to investigate topics of specicl
interest to hin, No restraints are put on a studentfs efforts
to study areas of particular interest to hin as long as he
achieves the basic otjJectivaes of the course, Finally, the
indeperdent study progran provides a mechanism for an individ-
ualized chemistry course~~a custom-tailored program is possible
for each student--~that was hoped for when the progran was
initially planned.,

The independent study progran now specifies a basic set of
objectives tn be achleved, provides for individualization through
optional objectives and permits each student to learn at a pace
geared to his own particular talents. But the assumption that
students will nake the best use of their tire and pace themselves
in line with thelr potential has not been suppnrted in practice,
Mininun acceptable st~ndards of perforrnance rnust be established,
If the time that a student can spend in achieving the basic set
of objectives were not fixed, the student could be evaluated on
the quality of his performance and given a letter grade and
credit for the course whenever he has achieved all of the
objectives, or his perforrnance could be evaluated as acceptable
or not acceptable (pass-fail) and given credit for the course
whenever he has denonstrated an acceptable level of perforrance
for all of the oblectives. In either case, a student would never
fail., However, although a student would never fail, he would not

recelive any credit until he had achieved all of the objectives of
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the course, As an alternative, if the time that a student can
spend in a course 18 fixed, as in a schonl ycar, the student
could be given a fractional credit equivalent to the fraction of
basic objectives he had achleved at the end of the schonl year.

Since neither of the preceding procedurcs for evaluating
students! performances could be put into effect in our school
systen without najor changes in organization and policy, an
alternate procedure had to be desligned that could operate
conpatibly within the schnol sgystcm as it is,

Grades and Perforrance

One of the najof'problens encountered in conducting an
independent study program is that of evaluating and grading each
student's perforrance. Corinager (7) has said, “Grades thenselves
are of little inmportance, but standards are; imagine dispensing
with standards in medicine or law. If the acadeny 1s to put the
stanp of approval nn students not on the basis nf conmpetence but
of race, or of needs, or of conpassion, then it can no longer
naintain any standards at all," Our experience indicates that
standards of acceptable performance must be specified to gulde
students even when dealing with self-rotivated learnsrs, Whether
or not a person “bellieves® in grades 1s not really relevant; in
nost schonls grades rnust be determined periodically. So the
teacher nust develop a grading system,.

What are the characteristics of a gond grading system for
independent study students? The grading system should be
designed so as tn reflect to what extent a student has met the
standards of the course. The following pguldelines were estab-

lished by the writer as a basls for developlng a grading system,




1,

2,

3.
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The student should know what he will be expected
to learn; how he will be graded (what the standards
are); be able to determine his own grade at any
tire; and be given credit for the conurse only when
he has learned what he was expected to learn,
Standards and expectations shculd bve the sare for
all students in the same course (as listed on the
school records) regardless of class or section assignnent,
The grade should be based nn what the student learned
conpared with what he was expected to learn as specified
by the course objectives for all students,
Measures of how nuch and how well the student has
learned should be included in the grade,
dvaluations of the quallity of student perforrances
should be reported on a nunerical scale so as to pernit
an arithmetical computation nf the grade. It 1s taken
for granted that the specific evaluations will be based

on subjective judgnents‘by the mentor.

In our schonl syster students are enrolled in each science

course for 36 weeks, Report cards are issued every six weeksj

consequently, an interin grade for each student rust be

deternined six times. At any tirme independent study students

will be found to differ in both the quantity and quality of the

conpetencies thsy have acquired, If a grade were required only

at the end of the schonl year, evaluation would be based on the

standards established to receive credit for the course as a

whole,

Since a check 1s rade on the progress nf each student

every six wWeeks, it follows that for each checkpoint interin
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standards of achieverent nust be established with which the
student nay gauge his progress.

In order to establish a standard nf perfrrmance {or each
succeeding checkpoint, the set of behavinral nbjectives was
divided into six sequential subsets of basic and related optional
objectives on the basis of independent estinates by the writer
and two other chenistry teachers (6) of the numter of days a
"typical" student would reed to achieve each basic objective. 't
each checkpoint the studentfs progress is evaluated in terms of
how nany of the basic objectives he was expected to achleve as of
that date and on the quality of his pzsrformance. The nunber of
basic nbjectives s8pecified as the standard at each checkpoint
includes 8ll of those specified for each of the preceding ocheck-
points. Consequently, the student's interin grade will be
curulative and indicate his total perfrrnance to date, There
appenr to be no practical alternatives to curulative interin
grades for independent study prograns which require the
achicvement of a set{ of interrelated and dependent behaviors
within a fixed period of tine,

How 18 the quality corponent of a studentfs perforrance
deternined? 32ach basic and optional objective has been assisned
a nunerical value based on a judgnent of the relative
significance and/or complexity of the conpetency to be acquired,
Whenever a student decldes he 1s ready to demnnstrate that he
can do what the objective states he should be able to do, his
perforrance is evaluated on a scale fron zero to the maxinun
value assigned to the objective, For exanple, if an objective 1is

assigned a maxinun nunerical value of 12, the student nay receive
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any score fron zero to 12 depending of the quality of his
perforrance as Jjudged by his mentor, If a perforrance 1is
considered to be of aocceptable quality, it is given a score
equivalent to 70 per cent or nore of the naxinun value depending
on its quality, Students who dr not perforn acceptably, continue
their study and try again when they bdelieve they can, Students
who nake two or nore atteripts before dermnonstrating an acceptable
perfornance are credited with the average of the secnres obtained
on all attenpts, 3Students! records will shew the number of
points scored over the nunber of points possible for each
objective achiecved, A percentage grade indicating the quality
of each student's perforrnance is nbtainable casily at any tirme by
dividing the sun of tha student's scores by the surm of the scores
possible for all of the objectives he has achleved.

How is the quantity conooneant nf a student's perfornance
determined? The student knows whieh and how many basic objceotivaes
he is expected tn achleve on or befonre the date of each checke
point, The percentage grade indicating the quantity component of
his perfornance ean be calculated easily for each checekpolint by
dividing the number of basic objeetives he has achieved by the
nunver of basic objectives he was expected to achleve,

The optional objestives achleved by a student are included
in deternining the quality and quantity ocnonponent of the
student's performance at any checkpoint if the student has
achieved all of the basle objectives he was expected to achleve,
In that event, no distinetion is mede hetween the basic and
optional objectives achlceved in calculating grades, However, the

percentage quantity grade will always be greater than 100% for
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the student who achleves optional objectives because the total
nunber of basic and optional objectives achlieved is divided only
by the nunber of basic nbjectives he was expccted to achleve, 1In
this way the student who can and dnes do nore is credited for his
acconplishnents,

finally, the student's percentage grade in the course at any
specified checkpoint is obtailned by taking the average of the
percentage quality and quantity grades., In line with schoonl
policy, a scale fron 100 to 70 divided into four equal parts is
used to convert the percentage grade to an A, B, C or D
respectively, An average percentage grade less than 70 indlcates
an unacceptable leVﬁl of perfornance and is reported as an E,.

Experience with students forced us to introduce one restraint
into the grading systen., A few students notivated simply by a
desire for high grades ehnsc to attempt the achievement of as
nany as possible of the optimmal nbjectives in additimrn to the
basic objeectives at nininun quality perfornanee standards, As a
consequenea, it was possible for a student with even an
unacceptable percentage quality grade to recelve an A when his
quantity and quality percentage grades were averaged, The
quantity and quality aspeots of a student's achieverient are both
inportant, but in ny Jjudgrent, and in the Jjudgnent of nost of ny
students to my surprise and pleasure, learning to do something
well 18 rnore desirable than learning to do many things at nmininal
acceptable levels of conpetence, The lonphole was elosed simply
by stating that the letter grade nt any checkpoint may not be
rmore than one level higher than the quality grade for that
checkpnint, For example, if the percentage quality grade is
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equivalent to a C on the conversion scale, the letter grade the
student will receive on his report card cannot be higher than a
B, although the student's percentage grade obtained by averaging
the quality and quantity pesrcentages would indicate that it should
be.,

This may seem to be much to do about a relatively trivial
matter-~grades, That is just the point that should be made., Let
the standards and assessment procedures be known so the student
can concentrate on his education with full knowledge of the
expactations for him, Whether or not a student 1s motivated by
grades alone or by a real love for learning is not as important
as that he learn. If he does, he may also learn that knowing 1is
its own reward.,

The system works easlly and automatically. Once implemented,
it serves constantly and unobtrusively as a gulde to the student
on what necaeds to be learned and on the standards of acceptable
performancc., The system also provides a mechanism for evaluating
and crediting differences in individual achievements. But, most
importantly, it emphasizes standards of achizvement, As of this

.writing. with four months of the school ycar complcted,
approximately 25 per cent of the students are from one to two
months ahead of schedule, Many will complete the course before
the end of the schrol year,

Know You Know Index

The independent study student plans and dirccts his own
activities for learning. BSventually, for cach objcecective the
student nust decide for himself that he is able to do what the
objective states he should be able to do and asks that he be
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pernitted to denonstrata that he can. Many students find it
quite difficult to make these decisions; they cannot declde
when they know or do not know,.

In my opinion an educated person knows what h: knows and
what he does not know., Socrates (8) in describinsg one of his
accusars sald, "He knows nothing, and thinks that he knowss;

I neither know nor think that I know. In this latter particular,
then, I secm to have slightly the advantage of hin." Learning
can only occur when a person is aware of what he kncws and

does not know, Only then can he identify his nceds and organize
his resources to accomplish the learning tasks., Expressed as a
behavioral objective this general cducation goal would read:

the independent study chemistry student while engaged in
activities designed by him to achieve a particular competency
should be able to state, when asked, what he knows, demonstrate
what he can do and identify what he still needs to know and/or
learn to do.

The opportunity to exercise this judgment and to generate a
rationale for dolng so is nnt generally available to students,
Teachers typi~ally decide when their students know or do nct
knowe The student®s role is a passive one, But students, as
part of their education, should acquire the abillity to conslder
the information they receive, in whatever forn or fron whatever
source, and organize it into necaningful relatienships. They
should also learn to evaluate what they have learned and judge
the oxtent of thelr understanding.

Is it possible to obtaln an indicator of the student's
ability to nake decisions of this kind for hinself--a know you
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know index, so to speak? As a matter of fact, this is qulte easy
to do. In this program, the student decides when he is ready to
demonstrate that he can do what the objective states he should be
able to do, If he does so successfully, he has demonstrated not
only that he has achieved the objective hut that he knew that he
would be able to demonstrate that he had. He knew that he knew!
If, however, he does not succeed, he also demonstrates that he
d1d not kiaow that he did not know! He returns to the task of
acquiring the competency., The cycle is repeated until the
student demonstrates that he has achlieved the objeotive and,
concomitantly that he knew that he knew, Since a record is kept
of the number of times a student attempts to demonstrate the
achievement of each objective, hls know you know index,
reflecting his abllity to decide when he has acquired a partioular
conpetenoy, can be calculated at each checkpeint by dividing the
nunber of basic objectives he achleved by the number of times he
attempted to demonstrate that he could do what each of the
objectives stated he should be able to do., This is equivalent
to dividing the number of right deoisions (he knew he knew) by
the total number of right and wrong deocislons (knew he knew plus
did not know he did not know). For example, a student who made
20 attempts in achieving 15 objectives would have a know you know
index of 0.75.

The know you know index for each student 1s calculated at
each checkpoint. It has made qQqulite an impression on the
students-~they talk about their KYK indices. Students have
become more critical and discerning about their thoughts and

activities. A low KYK index may mean that a person needs to dbe
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more analytical, precise, thorough and, perhaps, honeat with
himself. As a measure of the student's awareness of his state
of knowing, the KYK index 1is reported in any discussion of a
student's progress. There has not been enough time to evaluate
its full meaning, but a student's KYK index may prove to be a
most reliable indicator of the state of his educatlon.
Surprisingly, although the KYK index has no direct bearing in
the determination of studente' gratie3, they are interested in
improving it. Just havinig it scems to have sparked a greater
intarest in learning how to learn, This interest should result
in higher KYK indices as each student learns better how to know
when he knows,

Achievement Compared

The independent study program has been based from the

beginning on the assumption that students can learn on their own
whatever they are expeoted to learn in conventionally taught
olasses. To establish a basis for ccmparing their achlevement,
the independent study, accelerated and regular students in each
of the three years took the same examinations. The means for
eaoh group on the semester and final examinations are summarized
in Table 1. The deoision was made to compare the achievement of
the independent study students with that of the accelerated
students since their test soores were simllar. To obtain a
measure of the soholastio aptitudes represented by the independent
study and accelerated students, the Differential Aptitude Tests
of Abstract Reasoning (DAT-AR) and Numerical Ability (DAT-NA)
weirre administared each vear. TLe means for each group Aare

presented in Table 1. Since random sampling procedures were not
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enployed in the selection of elther the independent study or
nccelerated groups, N nonparanetric nmethod requiring no
assurpticns other thon that the populnticns being sarpled nre
ctinurug--gpacificnlly, the U-test--wns erployed to test the
hypothosis thnt both samples cane frem the sone populatiecn (9).

The cnlculnted z values cbtained by npplying the U-tast to
the DAT-AR, DAT-NA nd finnl exnn scares for ench sanple in ¢neh
yonr nre surnnrrized in Table 2. Using a2 level of significnnce
of 0,05 the null hypcthesis th~t the independent study and
nccolorated students wero fron equnal pepulations, particularly
with equnl nenns in schrlastic ability ns rensurcd by the DAT-AR
and DAT-NA, cannot be rejected for the 1966-67 and 1967.68 sanples
but rust be rejected for the 1968-69 s~nplos--the scholastic
ability ~f indepondent study students {s signifionntly greator
than that nf the accslerated students in 1968<69, Using a level
of significance cf 0,05 the null hypnthesis that the independent
study and ~ccelerated students are fror. equnl populations,
partioularly with cqual rneans in ~chicverent as rnensured by the
final exaninationg, cannnot be rojected for the 196667 sanples dbut
nust be rejected for the 1967468 nnd 1968-69 sanplesesthe
achievernent ~f tho independent study students is significantly
granter than that of the accoelerated students in 1967«68 and in
1968-69, 1In ~thor werds, the indeperdent study ~nd rccelerated
students in 1966<67 d~ not differ significantly in either thelr
initinl Ability ~r in their achloverent; in 1967.68 they do nnt
differ significantly in thelr initial adbility dbut deo diffex
significantly in their ~chieveranti "nd in 1968469 they differ
signifioantly brth in their initial Ability ~nd in their
aschievercnt, The Independent study students have learned rn

)
]ERi(jthelr W whatover was expectad of ther, ~nd nere,

IToxt Provided by ERI
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Table 2, Comparison of z Values* With Critical Values:
Chemistry Independent Study vs, Accelerated Students
i
19§6-6? 1967-68 1968-69 P <0,05
DAT-AR -0.18 0470 2,61 | «=1,96 or >1.96
DAT-NA -0450 1.67 2,06 <=1,96 or >1.96
Final ©xam 1,71 2,36 b,17 <=1,96 or >1,96

# Obtained from application of the U-test to the data.

At the end of the first year of the progrem, a study of the
comparative achievement of independent study and accelerated
students on the chapter, semester and final examinations revealed
that the means of the accelerated classes exceeded that of the
independent study oclasses at the beginning of the year but that
the reverse was true toward the end of the school year (1). When
the differences in means of the two groups on the semester and
final examinations were compared, the analysis revealed a
difference (1 percentage point) in favor of the accelerated class
on the semester examination but a difference (9 percentage
points) in favor of ths independent study group on the final
examination. The semester and final examinations are designed to
evaluate the learning expeoted to oocur throughout the first half
of the year and the whole year respectively and stress the major
understandings and baslc threasds which interweave knowledge in
ochemistry. The question was asked: Do the data mean that after
a year of study the independent study students, who are learning
on their own, are better adble than the accelerated students, who

are being taught, to achleve, retaln and place in perspective the
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processes, observations, generalizations and hypotheses which
constitute chemistry? Now, two years later, the question 1is
even nore pertinent.

The differences between means for independent study and
accelerated students on each of the semester and final
exaninations for each of the preceding three years are presented
in Figure 2. The means of the independent study classes always
exceeded those of the accelerated classes on the final
erxaminations. The difference between means on the final
examination 1s gqreater than the difference between means on the
semester exanination in each of the three years; the consistency
of the trend is striking. The difference between what independent
study students learn compared with what conventionally taught
students learn inoreases with time. The results strongly suggest
that independent study students are making effeotive strides not
only in what they learn but also in learning how to learn.

Development of the Program to Continue

The hope expressed in the beginning of this paper has been
realized--a viadble independent study program in chemistry 1s in
operation and functioning well, Since no insuperable diffioulties
were encountered this year when the enrollment was doubled and an
irexperienced mentor added to the prozram, plans are belng made
to expand it furthef. The procedure of selecting students will
be changed to permit any student to enroll in the program who
wishes to do so. The Independent Study Science Program will be
nodified to permit students to enroll in a ncw sclence course
upon conpleting the requirerments of the preceding course in the
sequence, Students will spend more or, hopefully, less than one

year in any ocourse, and they will begin a new course at any time
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Pigure 2, Differcnces between examination means of 1966-67,
1967-68 and 1968-69 independent study and ascelerated
college preparatory ochemistry classer expressed dy
the snount the independent study class mean was more
or lees than the acoclerated olass mean on oach
sxamination, Resulte on the semestser and final
examinations for esch of the three years ars compared,
The semester axamination (SE) cuverod the work of the
first half of the school year (semestor) and the final
examination (PR) covered the work of the whole sohool
yoaxr. Tho sane examinations were taken by both olansey
sach year, The same final examination was given in
each of the threas years,
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during the school year. Since the program will be subjested to
continuous evaluation, further changeé in the format and
operation are anticipated,

Much time has been spent in trying to share the experience
of developing this program. The purpose has been to describe
the problems encountered and the solutions formulated to meet
them. There is a sense of gatisfaction in knowing that what
could have falled was made to succeed. But what pleases me most

1s the learning environment which my students and I now share.
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